Introduction
============

Exposure to secondhand smoke has no safe limit \[[@b1-ophrp-11-201]\]. Globally, each year, around 890,000 deaths occurred due to secondhand smoking \[[@b2-ophrp-11-201]\]. Children are considered to be the most vulnerable group in a population to be exposed to the harmful effects of secondhand smoke \[[@b3-ophrp-11-201]\]. Though children worldwide are exposed to secondhand smoke in public places, the home is where children are most vulnerable \[[@b2-ophrp-11-201],[@b4-ophrp-11-201]\].

The prevalence of secondhand smoking amongst children is a potential public health concern worldwide. It was estimated that 41% of children were exposed to secondhand smoke in the United Kingdom, 43% in Australia, 12%-34% in the USA, and 33% in Canada whereas, the highest prevalence of exposure to secondhand smoke was 89% in Turkish children \[[@b5-ophrp-11-201]\]. It has been reported that between 2008--2013 the prevalence for passive smoking in children above 15 years in Indonesia was 80%, whilst in Vietnam it was 75%, and in China it was 67% \[[@b6-ophrp-11-201]\].

Secondhand smoking contributes to significant health problems in children \[[@b1-ophrp-11-201]\]. Among the 4,000 chemicals inhaled from tobacco smoke, 250 have been identified in secondhand smoke, and 50 of these chemicals are known carcinogens \[[@b5-ophrp-11-201]\]. Apart from cancer, exposure to secondhand smoke has been reported to be associated with several respiratory diseases (including asthma, respiratory infections such as bronchitis and pneumonia, wheezing, coughing), ear infections, sudden infant death syndrome, and slow fetal growth and lung development \[[@b1-ophrp-11-201]\].

The prevalence of secondhand smoking in Bangladesh is high and thought to be attributable to the low cost availability of cigarettes, leading to high rates of smoking in the population \[[@b2-ophrp-11-201]\]. A previous study in 2011, reported that the prevalence of secondhand smoking among children (\< 18 years) in Bangladesh was 40% \[[@b7-ophrp-11-201]\]. Previous studies in 2013 and 2017 identified the prevalence of secondhand smoking was 39% for adults and 31.1% for 13--15 aged children in Bangladesh \[[@b8-ophrp-11-201],[@b9-ophrp-11-201]\]. Furthermore, a recent study in 2017 reported that the secondhand smoking rate increased to 95% in the urban areas of Dhaka, Bangladesh \[[@b10-ophrp-11-201]\]. Although there is despite a reduction of 8% in cigarette smoking from 2009 to 2017 in Bangladesh \[[@b8-ophrp-11-201]\]. However, the overall rates for smoking, including consumption of different tobacco products, including smokeless tobacco, are still high \[[@b11-ophrp-11-201]\].

Smoking is a common practice among many adults in Bangladesh and people generally have very low concerns regarding the adverse health effects of secondhand smoking \[[@b12-ophrp-11-201]\]. Many people believe that secondhand smoking does not have any adverse effects. Moreover, in Bangladesh, male attitudes and behaviors pose a significant barrier to reducing secondhand smoking \[[@b7-ophrp-11-201]\]. Additionally, gender, age, literacy, household incomes, and number of smokers in the family were influential factors contributing to the exposure of adults who do not smoke \[[@b13-ophrp-11-201]\]. Furthermore, among women, poor socioeconomic status, religious beliefs, educational status, and having children had a significant role in exposure to secondhand smoke \[[@b14-ophrp-11-201]\].

In Bangladesh, research into secondhand smoking is limited, and exposure of children to secondhand smoke in rural homes has not been explored. This study aimed to determine the factors associated with secondhand smoking in children from rural households of Bangladesh.

Material and Methods
====================

1. Study design and population
------------------------------

A cross-sectional study was conducted from July 2018 to October 2018 in the Munshigonj district of Bangladesh. Using Cochran's formula, there were 410 randomly selected adults (\> 18 years) including smokers and non-smokers, with ≥ 1 child in their household \[[@b15-ophrp-11-201]\]. Munshigonj district was randomly identified through the lottery method, as a representative study area. Three districts from the hill tracks, out of 64 districts of Bangladesh, were not included in the lottery for district selection because the ethnic background of the populations in those districts was different \[[@b16-ophrp-11-201],[@b17-ophrp-11-201]\]. Data were collected through multistage sampling from 6 villages of the Munshigonj district ([Figure 1](#f1-ophrp-11-201){ref-type="fig"}). To identify these 6 villages, simple random sampling was used whereby 3 out of 6 sub-districts were selected, then 2 unions from each sub-district and within each union 1 village was selected, leading to 1 respective village of the district. Then, every third household member of selected villages was designated through systematic random sampling whilst considering the inclusion criteria. This consisted of both the smoker and non-smoker, who were aged \> 18 years, exposed to secondhand smoke, and lived in a household that had ≥ 1 child. The percentage of the total population of each village was used to determine the number of participants from each village.

Ethical approval was obtained from Naresuan University Institutional Review Board (COA no.: 675/2018, IRB no.: 0502/61), and all participants provided informed consent before participation.

2. Data collection
------------------

An interviewer administrated questionnaire was used for data collection on a range of factors including demographics and status of smoking in the household. The dependent variable was denoted as self-reported exposure inside the household, and the independent variable was represented by exposure to secondhand smoke, and constructs from the theory of planned behavior (TPB). The questionnaire was developed in English and translated into Bengali (the national language of Bangladesh). The interview was conducted by a local interpreter who translated from Bengali into the local language. The status of smoking included the frequency and number of cigarettes smoked per day, and the age at which smoking began.

### 2.1. Dependent variables

Self-reported secondhand smoking was defined as "exposure to another person's tobacco smoke weekly, more than once, for at least 15 minutes inside the household, in the past 30 days \[[@b18-ophrp-11-201]\]." This study assessed exposure of children to secondhand smoke from the self-report of the adult in the household \[[@b7-ophrp-11-201],[@b19-ophrp-11-201]\]. The exposure was measured as either exposed or non-exposed to secondhand smoke in the household. A score of 1 (exposed) or 0 (non-exposed) was assigned.

### 2.2. Independent variables

Independent variables were related to secondhand smoking exposure and constructs of TPB. There were 8 variables of exposure to secondhand smoke including household smoke free rules, social norms and culture, environmental impact, religious beliefs, social awareness, and the influence of the media \[measured by a score of 1 (positive answer) or 0 (negative answer)\]. Knowledge of secondhand smoking was categorized as a binary variable \[1 (true) or 0 (false)\]. Perception of secondhand smoking and 4 constructs of TPB including intention, attitude, social support and perceived behavior control, were measured by a 3 points Likert scale (3 signified agree, 2 signified neither agree nor disagree, and 1 signified, disagree) \[[@b20-ophrp-11-201]\].

Bloom's theory was used to classify the level of knowledge of secondhand smoking into 3 groups including ≤ 60% (low), \> 60%--80% (moderate), and \> 80% (high). Household smoke free rules, the influence of the media, social norms and culture, beliefs, environmental impact, religious beliefs, social awareness, perception of secondhand smoking and TPB constructs were categorized using mean scores using Best's theory \[[@b21-ophrp-11-201]\].

### 2.3. Quality of the research tool

The quality of the research tool was determined by item objective congruence (IOC) and Cronbach alpha. Three experts in the field of tobacco research examined the questionnaire item-by-item. The total IOC index was calculated as 0.87. Additionally, for reliability tests, a pilot survey was conducted on 40 samples (10% of the original sample size) of comparable features with the targeted population for the study. The Cronbach alpha coefficient for reliability was calculated to be 0.79 using SPSS Version 20 for Windows (IBM Corp., Armonk, NY). Both the IOC and the overall Cronbach alpha scores were acceptable values \[[@b22-ophrp-11-201],[@b23-ophrp-11-201]\].

3. Statistical analysis
-----------------------

The data were analyzed using SPSS Version 20 for Windows (IBM Corp., Armonk, NY, USA). Descriptive statistics were used for basic socio-demographic characteristics, whereas differences between categorical variables were assessed for significance using the Chi-square or Fisher's exact test where appropriate. Univariate and multivariate logistic regression models were used to investigate the association between independent and dependent variables. Age, gender, education, household income, presence of a smoker in the household, household smoke free rules, social norms and culture, attitudes, knowledge of secondhand smoking, religious beliefs, and perceived behavior control, were confounders to determine the significant association of variables with secondhand smoking. Logistic regression (Enter method) was applied to determine the associations between potential factors. All results were presented as unadjusted and adjusted odds ratio (OR) with 95% confidence intervals (CI). Where *p* \< 0.05, the difference was considered to be statistically significant.

Results
=======

1. Sample characteristics
-------------------------

Of the 410 participants, the majority (70.7%) were males. The mean (± SD) age of the study population was 40.39 (± 11.449) years. A large proportion (86.6%) were married and, 37.4% had completed secondary school. A quarter of the participants were unemployed (27.3%). Almost half of the participants had a moderate income (45.4%). Almost one third (30.0%) of households had at least 1 child.

This study observed that gender, education, family income and type of housing had a significant association with secondhand smoking. In addition, it was determined that participants aged 25--50 years were more likely to be exposed to secondhand smoke (25.8%) and the majority were married (31.2%). There were 27.5% who were employed, and 14.5% had completed secondary school as well as belonging to the moderate-income group (19.0%). Households that had 2--4 children, which accounted for 24.4%, were more likely to be exposed to secondhand smoke ([Table 1](#t1-ophrp-11-201){ref-type="table"}).

2. Smoker characteristics
-------------------------

There were 109 participants (26.6%) who smoked, of which 1.5% were female. It was observed that 72.5% of smokers were regular smokers, and 35.7% started smoking between the ages of 16 to 20 years, which was followed by the age group 21--25 years (20.2%) and 26--30 years (19.3%). Among the smokers, 56.0% smoked \< 5 cigarettes per day, and 29.4% smoked 5 to 10 cigarettes per day. The local shop was the most convenient place (91.7%) for smokers to purchase tobacco products compared with street vendors ([Table 2](#t2-ophrp-11-201){ref-type="table"}).

3. Household practices for smoking in the household
---------------------------------------------------

Out of the 410 households of our study, more than half of the households (53.4%) did not allow smoking inside the household and very few (5.4%) households had a specific area for smoking. Additionally, 22.7% of households had experienced smoking every day, 5.6% at least once a week whereas, 53.3% of households had never experienced smoking. Furthermore, 18.8% of household's children were experienced smoking in front of them, and 4.4% of children of the household were sent to shops to buy smoking products by their household members ([Table 3](#t3-ophrp-11-201){ref-type="table"}).

4. Associations between independent and dependent variables using univariate and multivariate analysis
------------------------------------------------------------------------------------------------------

It was observed that households with a smoker significantly exposed other household members to secondhand smoke, which was observed using univariate (OR 70.050, 95% CI 35.722--137.365; *p* \< 0.001) and multivariate (OR 48.382, 95% CI 20.18--115.959; *p* \< 0.001) analysis. A significant association was determined using univariate analysis, between secondary education (OR 0.196, 95% CI 0.068--0.564; *p* = 0.002), and completion of college (OR 0.135, 95% CI 0.042--0.432; *p* = 0.001), with exposure to secondhand smoke. In addition, those household members who had completed a university education, had a significantly reduced chance of exposure to secondhand smoke in the home, as determined by univariate (OR 0.034, 95% CI 0.010--0.114; *p* \< 0.001), and multivariate analysis (OR 0.106, 95% CI 0.013--0.843; *p* = 0.034). Furthermore, implementing strict smoke-free rules in the home significantly reduced exposure of household members to secondhand smoke, as determined by univariate (OR 0.006, 95% CI 0.001--0.046) and multivariate (OR 0.012, 95% CI 0.001--0.116; *p* \< 0.001) analysis. Where there was a high influence of social norms and culture, there was an association with exposure of household members to secondhand smoke using multivariate analysis (OR 0.135, 95% CI 0.023--0.804; *p* = 0.028). Moreover, a moderate level of knowledge about secondhand smoking (OR 0.418, 95% CI 0.248--0.705; *p* = 0.001), or a high level of knowledge (OR 0.239, 95% CI 0.117--0.485; *p* \< 0.001) was associated with exposure to secondhand smoke in the home using univariate analysis. In multivariate analysis of a moderate level of knowledge about secondhand smoking, an association was observed with exposure to secondhand smoke in the home (OR 0.385, 95% CI 0.149--0.997; *p* \< 0.001) ([Table 4](#t4-ophrp-11-201){ref-type="table"}).

Discussion
==========

This study is among a small number of studies that are related to secondhand smoking among children in households of rural Bangladesh. There were 5 factors in this study that were significantly associated with the reduction in exposure of children to secondhand smoke. Among them, the presence of a smoker in the household was a risk factor. The households that did not have a smoker, were 48.38 times less likely to expose members of the household to secondhand smoke. This finding is in line with a study conducted in primary school aged children in the capital of Bangladesh where a significant association between living with a smoker and exposure to secondhand smoke was reported \[[@b10-ophrp-11-201]\]. Similar findings have been reported, among children and adolescents in Germany, which is considered a developed country \[[@b24-ophrp-11-201]\]. Smokers in these households should be viewing this behavior as risky practice to smoke at home.

Participants who graduated from university were less likely to be exposed to secondhand smoke. This finding was similar to a study conducted in 2011 in Bangladesh, where women who did not have a formal education were exposed to secondhand smoke at a level 3.93 times higher than women who had higher education \[[@b14-ophrp-11-201]\]. In another report from 2008 to 2010, 60% of reproductive aged women, with no formal education were exposed to secondhand smoke compared with 26.1% who had completed higher education \[[@b25-ophrp-11-201]\]. Similarly, in the WHO global adult tobacco survey data of Bangladesh, 2009, it was reported that amongst smokers, 62.9% did not have a formal education, which indicated that a lower level of education was associated with exposure to secondhand smoke \[[@b26-ophrp-11-201]\]. This finding was consistent with research from India, Philippines, Thailand, and Egypt \[[@b25-ophrp-11-201]\]. For individuals with higher education, there may be a better understanding of secondhand smoking which promotes the tendency to adopt home smoking restrictions and to make the household smoke free. This current study also observed that those households who practiced smoke-free rules were less likely to be exposed to secondhand smoking. A previous study conducted in urban Bangladesh also reported smoke-free rules reduced exposure to secondhand smoke \[[@b27-ophrp-11-201]\]. This result was also consistent with the findings of a study conducted in China \[[@b28-ophrp-11-201]\] which reflected that smoke-free house rules may be helpful in the reduction of exposure to secondhand smoke in the household.

This current study also revealed that high practice of social norms and culture, was more likely to reduce secondhand smoking. Every country has its cultural norms, and in Bangladesh, especially in rural areas, it is very unusual to smoke in front of an older person out of respect. This same attitude towards children would help reduce their exposure to secondhand smoke. This data was unique to this current study. Additionally, this study also observed that restricted cultural norms prevented women from asking their husband not to smoke inside the house. Removing this barrier by empowering women may reduce their exposure to secondhand smoke. The findings in this current study are in line with the qualitative study conducted among rural Bangladeshi and urban Indian women, which observed male attitudes were a significant predictor to reduce smoking \[[@b29-ophrp-11-201]\]. Moreover, the cultural norms of Bangladesh perpetuate a superior social status for men enabling them to smoke in the house if they choose to do so which increases exposure of the household members to secondhand smoke \[[@b7-ophrp-11-201]\].

This current study revealed that a moderate level of knowledge of secondhand smoking would reduce the exposure of others in the home to secondhand smoke. Smoking is a common practice in rural Bangladesh. People with a high level of knowledge about secondhand smoking may be reluctant to stop smoking inside the household or in front of children, because they know that they are harming themselves through smoking. However, those who have a moderate level of knowledge may question their behavior and stop smoking in the household or in front of children. This point of view is very controversial but nevertheless was a factor raised by this study.

The study had some limitations in that cross-sectional analysis was performed and therefore causal relationships could not be determined from this study. In addition, self-reported exposure to smoke may lead to misclassification (differential and non-differential) due to recall and reporting bias. Moreover, the self-reported exposure to smoke was not validated with cotinine levels in study participants due to lack of funding. Furthermore, the study only accounted for self-reported exposure to smoke in the household. Other settings, such as restaurants, workplaces, or public places were not considered in this study as potential places for exposure to secondhand smoke.

An effective public health intervention model can be developed by using the findings of this to reduce the exposure of children in the rural area of Bangladesh to secondhand smoke.
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###### 

Socio-demographic characteristics (*N* = 410).

  Characteristics                    *n* (%)                                                 Exposed (%)   Not exposed (%)   *p*
  ---------------------------------- ------------------------------------------------------- ------------- ----------------- -----
  Age (y)                            0.683[\*](#tfn1-ophrp-11-201){ref-type="table-fn"}                                      
   18--24                            47 (11.5)                                               19 (4.6)      28 (6.8)          
   25--50                            300 (73.2)                                              106 (25.8)    194 (47.4)        
   ≥ 50                              63 (15.3)                                               25 (6.1)      38 (9.3)          
                                                                                                                             
  Marital status                     0.652[\*](#tfn1-ophrp-11-201){ref-type="table-fn"}                                      
   Single                            55 (13.4)                                               22 (5.4)      33 (8.0)          
   Married                           355 (86.6)                                              128 (31.2)    227 (55.4)        
                                                                                                                             
  Education                          \< 0.001[\*](#tfn1-ophrp-11-201){ref-type="table-fn"}                                   
   No formal schooling               21 (5.1)                                                16 (3.9)      5 (1.4)           
   Primary                           82 (20.0)                                               49 (11.8)     33 (8.2)          
   Secondary                         153 (37.4)                                              59 (14.5)     94 (22.3)         
   College                           53 (12.9)                                               16 (3.9)      37 (9.2)          
   University                        101 (24.6)                                              10 (2.6)      91 (22.2)         
                                                                                                                             
  Employment                         0.421[†](#tfn2-ophrp-11-201){ref-type="table-fn"}                                       
   Employed                          298 (72.7)                                              113 (27.5)    185 (45.1)        
   Unemployed                        112 (27.3)                                              37 (9.1)      75 (18.3)         
                                                                                                                             
  Family income (BDT)                \< 0.001[\*](#tfn1-ophrp-11-201){ref-type="table-fn"}                                   
   Low income group                  124 (30.2)                                              52 (12.7)     72 (17.5)         
   Moderate income group             186 (45.4)                                              78 (19.0)     108 (26.4)        
   High income group                 100 (24.4)                                              20 (4.9)      80 (19.5)         
                                                                                                                             
  No. of Children in the Household   0.945 [\*](#tfn1-ophrp-11-201){ref-type="table-fn"}                                     
   1 child                           123 (30.0)                                              44 (10.6)     79 (19.6)         
   2--4 children                     272 (63.3)                                              100 (24.4)    172 (41.7)        
   5 or more children                15 (3.7)                                                6 (1.5)       9 (2.2)           
                                                                                                                             
  Type of housing                    \< 0.001[\*](#tfn1-ophrp-11-201){ref-type="table-fn"}                                   
   Building                          121 (29.5)                                              34 (8.3)      87 (21.2)         
   Tin shade house                   282 (68.8)                                              115 (28.0)    167 (40.8)        
   Fence/slum                        71.7 (1.7)                                              1 (0.2)       6 (1.5)           

*p* values from Chi-square tests.

*p* values from Fisher's exact test.

BDT = Bangladeshi Taka.

###### 

Smoker's characteristics (*N* = 109).

  Characteristic                      *n*   \%
  ----------------------------------- ----- ------
  Frequency of smoking                      
   Regularly                          79    72.5
   Occasionally                       30    27.5
                                            
  Starting age of smoking (y)               
   ≤ 10                               4     3.7
   11--15                             7     6.4
   16--20                             39    35.7
   21--25                             22    20.2
   26--30                             21    19.3
   ≥ 30                               7     6.4
   Unable to recall                   9     8.3
                                            
  Form of tobacco                           
   Manufactured cigarettes            102   93.6
   Unprocessed cigarette (Bidi)       5     4.6
   Both Cigarette and Bidi            2     1.8
                                            
  Cigarettes smoked every day (no.)         
   ≤ 5                                61    56.0
   5--10                              32    29.4
   10--15                             5     4.5
   ≥ 15                               11    10.1
                                            
  Place of tobacco purchase                 
   Local shop                         100   91.7
   Street vendor                      8     7.4
   Other                              1     0.9

###### 

Characteristics of smoking practices in the household (*N* = 410).

  Characteristic                                          *n*   \%
  ------------------------------------------------------- ----- ------
  Smoking allowed inside the household                          
   Yes                                                    191   46.6
   No                                                     219   53.4
                                                                
  Designated smoking areas in the household                     
   Yes                                                    22    5.4
   No                                                     388   94.6
                                                                
  Frequency of smoking inside the household                     
   Daily                                                  93    22.7
   Weekly                                                 23    5.6
   Monthly                                                17    4.2
   Occasionally                                           58    14.2
   Never                                                  219   53.3
                                                                
  Smoking in front of a child inside the household              
   Yes                                                    77    18.8
   No                                                     333   81.2
                                                                
  Purchase of tobacco for a household member by a child         
   Yes                                                    18    4.4
   No                                                     392   95.6

###### 

Univariate and multivariate analysis to determine the association of the independent (secondhand smoking) and dependent variables (*N* = 410).

  Dependent variables                 *n* (%)       Unadjusted univariate analysis   Adjusted[\*](#tfn4-ophrp-11-201){ref-type="table-fn"} multivariate analysis                             
  ----------------------------------- ------------- -------------------------------- ----------------------------------------------------------------------------- ------------------------- ----------
  Smoker present in the household                                                                                                                                                            
   No                                 238 (58.04)   Reference                                                                                                                                
   Yes                                171 (41.70)   70.050 (35.722--137.365)         \< 0.001                                                                      48.382 (20.18--115.959)   \< 0.001
                                                                                                                                                                                             
  Education                                                                                                                                                                                  
   No formal schooling                21 (5.12)     Reference                                                                                                                                
   Primary school completed           82 (20.00)    0.464 (0.155--1.390)             0.170                                                                         0.655 (0.100-- 4.286)     0.659
   Secondary school completed         153 (36.58)   0.196 (0.068 --0.564)            0.002                                                                         0.370 (0.057--2.406)      0.298
   College completed                  53 (12.92)    0.135 (0.042--0.432)             0.001                                                                         0.255 (0.033--2.001)      0.194
   University completed               101 (24.63)   0.034 (0.010--0.114)             \< 0.001                                                                      0.106 (0.013--0.843)      0.034
                                                                                                                                                                                             
  Smoke free rules in the household                                                                                                                                                          
   Low implementation                 58 (14.14)    Reference                                                                                                                                
   High implementation                351 (85.60)   0.006 (0.001--0.046)             \< 0.001                                                                      0.012 (0.001--0.116)      \< 0.001
                                                                                                                                                                                             
  Social norms and culture                                                                                                                                                                   
   Low influence                      19 (4.63)     Reference                                                                                                                                
   Moderate influence                 86 (20.97)    0.966 (0.357--2.614)             0.946                                                                         0.172 (0.025--1.155)      0.070
   High influence                     304 (74.14)   0.550 (0.217--1.396)             0.209                                                                         0.135 (0.023--0.804)      0.028
                                                                                                                                                                                             
  Knowledge of secondhand smoking                                                                                                                                                            
   Low                                74 (18.04)    Reference                                                                                                                                
   Moderate                           262 (63.90)   0.418 (0.248--0.705)             0.001                                                                         0.385 (0.149--0.997)      0.049
   High                               73 (17.80)    0.239 (0.117--0.485)             \< 0.001                                                                      0.729 (0.217--2.450)      0.609

Adjusted to age, gender, income, attitude, religious beliefs, perceived behavior control.
